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A World Magnetic Survey i s  being planned by an international 
committee sponsored by the International Union of Geodesy and Geo- 
physics, wi th  E. H. Vestine of The RAND Corporation as chairman. 
Committee has recommended tha t  more than one satell i te observing simul- 
taneously, each in a different orbit, be used, a recommendation arrived 
at  internationally with the assistance of COSPAR. This  Memorandum 
reports the  results of a brief study of possible orbi ts  for  these satel- 
lites. 
Administration. 

The 

The work was undertaken for  the National Aeronautics and Space 
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This Memorandum considers the coverage of' the magnetic field and 
particle belts around the earth that might be provided by several suit- 
ablyinstrumented satellites orbiting within a shell having an inner 
radius of appraximately 6878 kiloslleters (500 lon above the earth's 
surface) and an outer radius of appraximately 14 earth radii. Within 
this shell probably occur most of the solar-induced variations in the 
magnetic field and particle populations. 
discussed in this report. 

The following orbits axe 

A satellite in a low polar orbit of radius approximately 6878 lan 
provides good coverage of the earth near the earth's surface and thus 
closely supplements the surface measurements. Advantageously, it 
affords continuous observations and covers remote ocean areas as well 
as populous land areas. 

A satellite in a much larger orbit (preferably at about ten earth 
radii but probably technology-limited to a few thousand kilometers 
above the earth's surface), operated in conjunction with the first 
satellite, would provlde interesting observations on changes in either 
the magnetic field or the particle population occurring nearly simul- 
taneously at different distances from the earth. 
of the year t h i s  satellite would permit observations at some distance 
f m m  the earth on both the sunlit and dark hemispheres for checking 
some interactions between the earth's magnetic field and the "solar 
wind. 

During the course 

A third satellite in a highly elliptic orbit covering the dis- 

tances between a few thousand kilaneters above the earth's surface 
and 12-14 earth radii above the surface will provide coverage in range. 
During the year, the apogee will occur at times on the sunlit side 
and at other times on the dark side of the earth. Thus f'urther infor- 
mation on the interaction of the earth's nagnetic field with the "solar 
wind" will be available. 

A satellite in an elliptic orbit scunewhat less eccentric than the 
one Just described, coming within 500 km of the earth at perigee and 
going out to 6 or 7 earth radii at apogee, would provide a nore rapid 
caverage over a range of altitudes that shauld include the storm ring 
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about the earth. Because of its shorter period this sa te l l i t e  would 

pennit monitoring more rapid changes in the earth's enviroment than 
the previous one. 
ecliptic, it also would provide informstion on the shadow effect of 
the earth on the "solar wind. It 

A t  those times when it was i n  the plane of the 

A sa t e l l i t e  in an even less  e l l i p t i c  orbit, for  example, one which 
traveled between 700 lan and one earth radius above the earth's surface, 
would permit rapid observations of the region of the inner Van men 
belt and the s lo t  between the belts. Continuous observations of t h i s  

region for a year should provide better understandiIIg of it. 

Finally, a sa t e l l i t e  i n  823. orbit similar t o  the one described i n  
the preceding paragraph but oriented to pass over the poles of the 

earth would pravide good information of the auroral region and the horns 
of the V a n  Allen belts. A canbination of the last t w o  satellites should 
permit excellent observations of the regions within one earth radius of 
the earth's surface. 
us a far better understanding of the vrrriatioas that occur in these 
regions than we have yet been able t o  obtsin. 

This continuous monitoring for  a year would give 
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I. INTRODUCTION 

The World Magnetic Survey (WMS) is a deferred item of the Inter- 
national Geophysical Year program. 
cognizance of the International Union of Geodesy and Geophysics (IUGG), 
to which the American Geophysical Union of the U.S. Nationsl Research 
Council adheres. The general technical aspects of the survey and its 
plans at the international level are the concern of the Cammittee on 
World Magnetic Survey and Magnetic Charts of the International Asso- 

ciation of Gecmagnetism and Aercmcpqy (MU) of the IUCG, with many 
nations as members. The Camnittee, with E. H. Vestine as chairman 
and with the addce and assistance of many interested scientists, has 
prepared a Manual of Instructims for the survey. (2) In March, 1963, 
a new WMS Board was created by IAGA with au operative Secretariat to 
assist the enterprise. 

It is under the general international 

The WMS includes magnetic measurements on land by survey parties 
in more than 50 nations. 
areas, are being undertaken by the Royal W a n  Air Force, by the 
U.S. Navy in Project Magnet; and surveys by Japan are being made. A 

survey by a non-megnetic ship is being conducted by the soviet Union. 
Plans for msgnetic surveys by earth satellite are less specific but 
some wloratory earth satellite data have already been obtained by 
the United States and the Saviet Union. It has been suggested that 
satellite-borne rpagnetmeters monitor and measure the earth's magnetic 
field during the WMS of the International Year of the Quiet Sun (IQSY) 

and future years .  
Magnetometer measurements have been =de on Vanguard 3 (3) and 

mlorer ~ 3 , ' ~ )  and contributions at rockets and satellites to the 
have been considered. (5) The distant geomagnetic field has been observed 
by Pioneer 1. (6) 
by some SU satellites. 

86 well as disadvantages and Limikt t ians inherent in coverage by earth 
satellite, and many of these in only prelimimry fashion. 
for Arture investigators the discussion of problems of instrumentation, 

Magnetic surveys by airplane, mainly of ocean 

Geomagnetic field measurements have also been made 

This Memorandum considers cmly a few of the various advantages 

It leaves 
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storage, asalysis, and charting of World Magnetic Survey data, though 
recognizing their importance. 

In considering t h i s  satellite survey it is of interest first to 
review briefly the nature of the geomagnetic field. About 99 per cent 
d the gecmrsgnetic field at ground level arises fram within the earth. 
The remainder is due to external sources, such as the belts of charged 
particles trapped in the magnetic field of the earth. These external 
sources 09 the field undergo variations in intensity and spatial dis- 
tribution. ( 7 )  
of a few hours to several days, as already shown by space probes. 
Consequently, it has became increasingly apparent that magnetometers 
aboard satellites in apprapriate orbits would offer an excellent m;eans 
of making a broad and rapid survey of the main geomagnetic field and 
of the distributions of the external field in space and time. 

Their intensity waxes and wanes during time intervals 
(6)(8) 

It should be noted that both charged particles and fields need to 
be measured shnO..ta,neously in the plasm-rich regions of the ionsphere 
and above. 
magnetism in the gearnametic field are principal driving forces of 
electric currents producing transient magnetic fields in the magneto- 
sphere. 
scane earth-radii distant, should also be defined. 

This Memrandum considers such factors of six possible satellite 
orbits as altitude, eccentricity, period, coverage of the earth 's  

surface, orbital lifetime, orientation of the orbit plane, position 
of perigee in the plane, perturbations, and number of readings taken 
per par. 

A t  high levels pkema pressure gradients and plasma dia- 

The fluctuating external boundary of the geomagnetic field, 
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11. ORBITAL PERTURBATIONS 

A few general comments may be in order concerning the behavior 
of satellite orbits about the earth. 
orbit in terms of the five parameters: 
eccentricity, (3) inclination to a reference plane through the earth's 
center (normaU-y taken as the equatorial plane), (4) position of perigee 
in the p h e ,  and (5) the position in a fixed reference plane of the 
ascending node where the satellite crosses the equatorial plane going 
from south to north. 

The orbit plane of a satellite about a spherically symmetric 
attracting center subject to no perturbations from other nearby bodies 
will remsin fixed in space; the shape and orientation of the orbit in 
the plane will not change. However, if the attracting center is not 
spherically symmetric (the earth hss a bulge along the equator) and 
if there are other attracting bodies (the moon and the sun fulfill 
this condition), the satellite's motion is perturbed. 

It is custcmwy to describe any 
(1) semi-major axis, (2) 

* 

A ccsllplete analysis of such perturbed motion is not intended here, 
but a few general qualitative remarks are in order. 

EARTH OBLATENESS EFFECTS 

The two major perturbations are the retrograde precession of the 
orbit  plane about the earth's axis and the change of perigee position 
in the orbit plane. 
center and its a x i s  of rotation. Both perturbations vary in the same 
way with changes in the semi-major axis and in eccentricity, becoming 
smaller as the semi-major axis increases and becaning larger as the 
eccentricity increases. 
and is always less than Unity for any closed orbit. 
eccentricities greater than 0.9 are seldom considered.) 

These perturbations are centered about the earth's 

( m e  eccentricity is zero for a circular orbit 
Orbits with 

* 
For a complete description of the satellite in its orbit the 

anguhr position of the satellite fran perigee at a particular time 
is also given butthis parameter will not be used in this paper. 
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'Ihe nodal W i o n  is a regression and is greatest for direct orbits 
tieax the equatorial plane. 
arbits, and becomes positive (the node advances) for orbits with 
inclinations greater than 90 deg. 
of 500 km and an inclination of 98 deg, the node K i l l  advance at just 
the proper rate to keep the earth-sun line always in the orbit plane 
(if ~unar ~XKI solar perturbations are neglected). 
at the greatest rate (about 15 deg per day at a 500 lm altitude) for 
orbits in the equatorial plane. The rate decreases smoothly to zero 
when the inclination to the equator is 63-112 deg and then the motion 
changes direction and perigee regresses at an ever increasing rate to 
about 4 deg per day (for the above orbit) as the inclination increases 
to 90 deg. 

It decreases smoothly to zero for polar 

* 
For a circular orbit at an altitude 

Perigee advances 

One of the effects of the moon and the sun is samewhat analogous 
to that of oblateness if one imagines these bodies ameared into rings 
of mss at their respective distances from the earth, the rings being 
similar Fn their effect to the equatorial bulge. For orbits within a 
few thousand kilometers of the earth's surface, the effect of oblate- 
ness predonninates. 
&e increases for elliptic orbits), the effect of oblateness decreases 
while the perturbations from the sun and the moon increase, until at 
about seven earth radii, the precessions from the two causes are equal, 
and such as to produce a precessional period of about 100 years. 

difference is that precession 
esis of rotation while the precessions fram the moon and fram the sun 

are about the normals to their respective planes of notion. 

As the orbital altitude increases (or the semi-maJor 

One 
from oblateness is about the earth's 

Other, more co@icated perturbations that can be easily calculated 
only with the aid of electronic computers result fran the moon and the 
sun. 

for an Eccentric Geophysical Observatory (W) satellite for launches 
occurring every two hours in a 24-hour period. An interesting result 

(9) Such computations have been done by Space Technology Isboratories 

* ?he inclination I s  the angle between the eastward direction along 
the equator and the velocity vector of the satellite at the ascending node. 
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is that for some of the launches the perigee altitude decreases 80 

that the satellite expires in the atmosphere in fran 30 to la days; 

for other launches the perigee altitude increases rather regularly for 
the duration of the problem (two years), and only for a satellite 
launched within a few minutes of a critical time does the perigee 
distance oscillate with a more or less fixed amplitude about a nearly 
constant height for a period as long as a year. 
turbations are largely the accumulation of the secular effect of the 
solar influence. They became m r e  pronounced as both the semi-major 
axis and the eccentricity increase and are very sensitive to the 
initial orientation of the orbit plane. 

These extreme per- 

Froan the above discussion it appears that any orbit praposed for 
the World Magnetic Survey will be subject to the perturbative effects 
of the moon, the sun, and earth's oblateness. 
discussed qualitatively as each orbit is considered in turn. 

* 
Such perturbations are 

The earth's magnetic field, "fastened" to the rotating earth but 
not aligned along the earth's rotation axis, does not maintain a fixed 
orientation in space. Rather, the gemagnetic axis precesses about 
the earth's axis with each earth rotation. 
satellite in orbit within a few thousand kilameters of the earth's 
surface and have the orbit plane maintain a m r e  or less fixed orien- 
tation with respect to the geanagnetic axis.  

when at perigee, say, will be at the same geographic latitude on 
successive revolutions (except as modified by perturbatlons), it will 

be observing at quite different gecnnam etic latitudes on successive 
revolutions. 

There is no way to put a 

Hence, whereas a satellite 

In the next section the effects of these perturbations on six 
specific satellite orbits are discussed as w e l l  as ather features of 
the orbital motion of importance to the WMS. 

* 
ActuaUy, each of the planets has an effect, but it is so smaU 

that it can be neglected duriw a year for the orbits discussed here. 
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111. W E T I C  SURVEY COVERAGE FOR VARIOUS SATEI;LITE ORBITS 

POLAR CIRCULAR ORBIT NEAR RADIUS 6878 km (500 km)" 

Mrs t  to be considered is a polar circular orbit  of radius 6878 km 

(500 h). 
To achieve an orbital  lifetime of a year, the radius should be a t  

least 6878 lan, based on present experience. 
The period of such a sa t e l l i t e  w i l l  vary fran 94.7 to 96.7 minutes 

as the alt i tude above the earth varies frau 6898 ( 5 2 0 )  t o  6990 (612) km 
respectively. 

w i l l  occur about 400 lun east of those of the previous day, while a t  
6990 km they will occur about kXl km west. 
to a period of 95.7 minutes, equatorid passes will occur at the same 

longitude on successive days. Hence, if  complete coverage i n  longitude 
at  selected intervals of a few hundred Inn along the equator is desired, 
the satellite alt i tude must be accurate within a few kilometers. 

Because of the low sa t e l l i t e  alt i tude and the s m d l  orbital  

A t  6898 km, corresponding equatorial passes in the same direct im 

A t  an altitude Corresponding 

eccentricity, perturbations fran the sun and the m n  will be prac- 
t i ca l ly  negligible during a year. 

For a circular orbit, there is no perigee, and there will be no 
Thus the orbi ta l  plane w i l l  regression of' the nodes for  a polar orbit. 

remain fixed i n  space as the earth m e s  about the sun. 
the orbi ta l  plane w i l l  contain the earth-sun line; three mnths later 
it will be n o d  t o  t h i s  line, etc. 

A t  one time 

* 
'Ilhroughout t h i s  report the orbi t  i s  described as follows: for  

circular orbits, the length of the radius, and fo r  e l l i p t i ca l  orbits, 
the length of the radius vector t o  perigee, which is  termed "perigee 
distance." Either kilcuneters or  earth equatorial radii (a,) are used, 
depending on the size af the orbit. 
few hundred kilometers of the earth's surface, it i s  perhaps easier t o  
visualize the alt i tude above the ear th  rather than the perigee distance, 
this alt i tude is  given i n  pmentheses a f t e r  the perigee distance. 
a l l  cases the altitude a t  perigee i s  obtained by subtracting the earth's 
equatorial radius (6378 km) fran the perigee distance. 
obtained Will represent the actual height of perigee when the latter 
occurs aver the equator, but, because of the earth's oblateness, it will 
became progressively less than the true height as the lati tude of 
perigee increases, being 21 kilometers less  a t  the poles. 

Since, fo r  satellites within a 

In 

The answer so 
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IT selected magnetic data are quoted at points every 100 km along 
the orbital path, as has been suggested by the Committee, a total of 2.4 
miJX0n wil l  be taken in a year, or one every13.1 seconds. 

The United States currently has plans to launch in 1964 the Polar 
Orbiting Geophysical Observatory, called POGO, which w i l l  have apprax- 
Znately these orbital parameters. 
quantities in addition to scalar W u e s  of the total -etic intensity. 
The C d t t e e  of the WMS has recammended that the data obtained from it 
be made available to interested scientists thraughaut the world through 
the World Dsta Centers established during the IGY. 

It will measure many geophysical 

POLAR CIRCULAR ORBIT AT RADIUS 10 ap ( 9  an ALTITUDE) 

The second orbit %o be considered is a polar circular orbit with 
a radius of ten earth-radii. 

The Committee has tentatively suggested that it would be desirable 
to have a sateUte in such an orbit. 
time of the IQSY to achieve a circular orbit of t h i s  radius with the 
payload necessary for the desired instrumentation. 
quantitative remarks in the rest of t h i s  section pertain to an orbit 
of this radius, corresponding remarks could be &e for an orbit of 
the maximum radius that could be achieved for a polar orbiter by the 
time of the IQSY. 
l0 earth-radii, and for practical reasons, more likely to be only a 
thousand kilcmeters or less above the earth's Surface. ) 
that an orbit at 10 earth-radii would enclose what is currently believed 

to be the major portion of the geomagnetic field as well as most of 
the particles trapped in the field. 

It will not be possible by the 

Although the 

(This nmximum is likely to be considerably less than 

Figure 1 shows 

At this altitude the geomagnetic field is weak, not very rigid, 
The trapped and can be altered rather easily by solar influences. 

radiation belts here can be easily influenced by solar activity, too. 
Hence, a satellite operating continuously at this altitude for a year 

should provide valuable information on the interactions among solar 
activity, the geanagnetic field, and the trapped particles. 
output should be monitored continuously, also. 

The solar 
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If the satellite is launched with the orbital plane perpendicular 
to the ecliptic and containing the earth-sun line, information will be 
obtained on the amount of "compression" of the earth's field on the 
side toward the sun and the amount of "stretching" of the field in 
the lee of the earth as seen from the sun. 
the orbital plane is perpendicular to the earth-sun line, informstion 
on possible east-west asymmetries as measured i n  earth-sun longitude 
would be available as shown in Fig. 2. 

one satellite revolution the equator will advance 74,298 km or 5856 km 
less than two fldl circumferences. Hence the successive transits in 
the same direction progress e a s t w m l  around the earth. 
and one-balf satellite revolutions the traces begin to occur at positions 
915 lan east of similar traces during the preceding three and one-half 
revolutions. 
be campletely covered on a 915 krn maximum equatorial interval. 
will require 46.4 days. 
survey of the earth on a 915 krn interval will be completed. 

as for the "500 km" satellite, there will be 432 readings per revolution. 
Tais would represent 86,OOO readings per year, or one every 6.1 minutes. 
Although readings at t h i s  rate would be made at angular intervals s m a l l  

enough to provide good coverage of' the earth, it may be desirable to 
take them more frequently in order to detect significant changes in 
conditions occurring in less than six minutes. 

Three months later, when 

At a radius of earth radii the period would be 44.5 hr. In 

After three 

By the end of the twenty-fifth revolution the earth will 
l h i s  

With each new revolution another caaplete 

If data are taken at the same angular separation along the orbit 

There is no question that the orbiting lifetime of such a satellite 
v i l l  exceed a year. 

HIGHLY ELLIPTIC ORBIT (PERIGm 1.5 ae, AFQGEE 15 ae) 

Each of the previously described orbits will provide more or less 
continuous information on the conditions at a fixed distance fran the 
earth dor a period of a year. 

at different distances fran the earth a satellite in an elliptical 
To pmvide information on conditions 



f 

I 
(u 



orbit  i s  desirable. 
placed i n  e l l i p t i ca l  orbit  w i t h  a perigee distance of 1.5 earth radii 
and an apogee distance of 15 earth radii. 
orbit  would pass through many of the interesting belts s u r r o u n w  
the earth, as shown in Fig. 3. Just w h a t  regions would be sampled 
most would depend on the orientation of the orbi ta l  plane and the 
position of perigee in the plane. 

The Colmmittee has proposed t h a t  a satellite be 

A satellite in t h i s  third 

There appears t o  be no orientation that has all the advantages 
and none of the disadvantages. 
orientation i s  in the plane of the ecliptic, or nearly so. 
out in Sec. 11, the effects of oblateness, the moon, and the sun will 
cause the orbit  plane t o  precess so that i t s  orientation i n  space w i l l  
be continually changing. 
ness has been calculated for  a year and the orientation of the orbit  
in respect t o  the ecliptic at  3, 6, 9, and 12 months a.fter being 
launched into the ecliptic plane i s  shown i n  Fig. 4. W i t h  this 
orientation, as the satellite moves i n  the orbit, it will pass fm 

beneath the inner V a n  Allen belt  through the belt, through the "slottr 
between the belts, through the outer V a n  Allen bel t  and on beyond the 
"storm belt." 
it i s  now known that variations i n  the earth's field and in  the particle 
and cosmic ray population occur. 

physical Observatory (EGO) in to  a similar orbit  in 1963. 

would achieve rapid sampling of d a t a  frcun each of the V a n  m e n  belts 

as well as the outer "storm belt" a t  about 5 t o  12 earth r a d i i  from 
the center of the earth. The short tbne  scale is desired t o  permit 

recording rather rapid changes following solar flares--changes occurring 
during a few hours. Sampling fran regions both near and remote from 
the earth i s  desired t o  permit observation of possible relationships 
between effects in the different regions. A satellite in an e l l i p t i c  
orbit  with a perigee alt i tude beneath the lower V a n  Allen bel t  and an 
apogee alt i tude that would put the sa t e l l i t e  past the maximum of the 

storm ring provides a reasonable canprcmise. 

What prumises t o  be an effective 
As pointed 

The amount of the perturbation due t o  oblate- 

Thus data w i l l  be taken throughout the regions where 

The United States plans t o  launch an Eccentric (Orbiting) Geo- 

Other orbits that appear pramising for the WMS include one that 

The position of the storm 





1 
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ring i s  not w e l l  known and probably varies with solar activity. 
our purposes we will assume that a sa te l l i t e  going 7 earth radii fran 
the earth's center w i l l  traverse interesting regions of the ring. 

For 

E X L I P T I C  O R B I T  I N I T I A L L Y  I N  ECLIPTIC PLANE ( P E R I G E E  DISTANCE 6878 km, 
APOGEE 7 ae) 

The fourth orbit  t o  be considered is  an e l l ip t ica l  one w i t h  a 
perigee distance of 6878 km or !jOO krn above the earth's surface and 
an apogee distance of 7 earth radii or 6 earth radii above the earth's 

surface hunched into the ecliptic plane w i t h  perigee on the earth-sun 
line. 

A satellite in t h i s  orbit  could then make observations on the 
solar "windward" and "leeward" sides of the earth a t  certain times 

during the year. 

it and the slot between the belts, then through the outer bel t  and 
beyond, thus givlng frequent readings on a l l  these regions as shown 
in Fig. 5. 
fourth the period of the larger e l l i p t i c  orbit  discussed earlier, 
changes occurring in the regions of the belts following solar act ivi ty  
could be more prauptly reported w i t h  t h i s  one. 

It would start beneath the lower belt, pass through 

Since the period of this sa t e l l i t e  would be roughly one- 

W i t h  a period of 11.4 hours 769 revolutions would occur during a 
If d a t a  were taken a t  the rste of 432 readings per revolution year. 

as indicated previously, 322,000 readings w o u l d  be taken during a year, 
or one every one minute and 38 seconds. 

"he s tab i l i ty  of this orbit against solar and lunar perturbations 
would be greater than for  the larger e l l i p t i c  one described earlier. 
However, care must s t i l l  be talcen t o  achieve the proper conditions a t  
launch so that the perigee distance w i l l  remab more or less constant. 

Perturbations fran the earth's oblateness would cause the line of 
nodes t o  regress 118 deg during a year, while -the perigee would advance 
a 6  deg. 
respect t o  the ecliptic plane t o  vary as shown i n  Fig. 6. 

These changes cause the orientation of the orbital  plane in 

hgne t i c  and energetic particle data for  30-40 magnetic storms 
during a year fran a sateUte in t h i s  orbit  could be measured advan- 
tageously. If continuous operation were not desirable and i f  system 
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reliability carld be maintained at a level permitting intermittent 
operation, this satellite, as a donnant sentinel in orbit, could be 
awakened on crnmvuld to take observations of special interest and then 
returned to a damant state during periods when the sun was quiescent. 

EUIFTIC ORBIT INITIALLY IN ECLIPTIC PLANE (PERIGEE DISWCE 7078 lorn, 
e AeoGEE DISTANCE 2 a ) 

The fifth orbit to be considered is U p t i c a l  with a perigee 

distance l M s  

orbit has a perigee altitude of about 700 lan above the earth's surface 
and an apogee altitude of one earth radius. 
beneath the lower Van Allen belt and out beyond the usual position of 
the maximum. 
belt. 

of 7078 km and an apogee distance of 12,750 km ( 2  ae). 

The satellite will pass 

Hence, it will serve as an excellent monitor for this 
This is the main reason for considering it. 

If the orbital plane were initially in the ecxptic with perigee 

Perturbatians fran the earth's oblateness would cause the 
on the earth-sun line, the sampling would be approximately as shown 
in Fig. 7. 
argument of perigee to advance 360 deg just about every 90 days, while 
the line of nodes would regress about 213 deg during the same intenral. 
These perturbations would cause the orbital plane to assume the positions 
shown in F i g .  8 during the year. Iuar and solar perturbations would 

produce further variations in the orbit. However, with proper launch 
conditions, these perturbations should not be serious during one year. 

A satellite in t h i s  orbit would permit no observations in the 
polar regions of the eaxth but the equatorial extent of the belt would 

be w e l l  sensed. 
for the other satellites, there would be 1.39 million readings per 
year, or one every 22.7 seconds. 

If there were 432 readings per revolution as suggest& 

POLAR E U I P T I C  ORBIT (PERIGEE DISTANCE 7078 h, AFQGEE DISTANCE 2 a,) 

The sixth and last orbit to be considered is similar to the pre- 
ceding one except it contains the earth's axis, and perigee is initially 
on the earth's axis  of rotation. 
interesting regions in the vicinity of the earth's poles as shown in 
Fig. 9. 

This satellite would sense the very 

Here observations would be available from the auroral region, 
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which s h m  sane interesting responses to solar variations. 
Because of the different initial inclination to the equatorial 

plane, the oblateness perturbations wil l  be different than for the 
preceding orbit. 
should be no regression of the nodes and hence the orbital plane will 
msintain a fixed orientation during the yew as was the case with the 
other polar orbits. However, the argument of perigee w i l l  regress, 
not advance, about 1233 deg during each 90 day interval. 
shows the orbital orientation in the orbit plane at four times during 
the year when only oblateness perturbations are considered. 

With an inclination to the equator of 90 deg there 

Figure 10 

During the year readings will be taken at all latitudes from pole 
to pole and at altitudes from 700 km to one earth radius above the 
earth's surface. 
the earth-sun line w i l l  be covered during the year. 

A380 a cosnplete range of longitudes measured from 

This satellite also could be kept in a dormsnt state most of the 
It time and awakened on command to take observations intermittently. 

wuld provide an exceptional opportunity to measure the geomagnetic 
secular change, and hence to obtain indications of changing fluid 
motions within the earth's central core. 
by such a satellite, both in time and space, would make this a valuable 
method for undertaking a study of a major geophysical probleni of the 
earth. 

The good coverage possible 
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N e  CONCLUSIONS 

Satellite-borne magnetometers and counters offer an exceptional 
opportunity for the description, mapping, and study of the earth's 
magnetic field and its charged particle population from ground level 
to nearby space, as a f'unction of time. 
importance in navigation, in engineering, and in the scientific appli- 
cations of particles and fields, geonsgnetism and aeronomy, and other 
related areas of solar-terrestrial relationships. 
of orbits is necessary to provide good coverage of the earth's magnetic 
field during a year's operation. 

These survey data are of 

Proper selection 

Possibly use- satellite orbits for the World -tic Survey 
include : 

1. A circular polar one w i t h  a radius of 6898 km (520 km), which 
would extend and imprave charts of the gemagnetic field at ground 
level and in nearby space and provide valuable new data on polar 
aurora, magnetic disturbances, and polar radio blackouts. 

2. Another operated simultaneously in a circular polar orbit at 
as high an altitude as conveniently possible (at least one or two 
thousand kilometers above the 500 km satellite), which wauld notably 
sharpen and extend results from other means and afford a unique oppor- 
tunity for detailed study of the inner Van Allen radiation belt. 

3. A very elliptical one more or less in the ecliptic plane with 
a period permitting useful definition of the effects of the so& wind 
at different distances frm the earth. 

4. An orbit of shape similar to that in (3)  above but ha- a 
smaller semi-major axis and being more or less in the plane of the 
ecliptic, which will permit more frequent monitoring of the charged 
belts and the earth's field during periods of rather rapid changes. 

5 .  An elliptic orbit initially in the ecliptic plane that w i l l  

sample the inner Van Allen belt repeatedly. Such a satellite w i l l  have 
a perigee altitude of 700 hn and an apogee altitude of one earth radius. 
Ibr ing  the course of a year this satellite wlU provide much information 
on the variations of the magnetic field and particle populations as 
influenced by solar activity on the sunlit and dark sides of the earth. 
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6. A n  orbit similar t o  (5)  but having the orbit plane oriented 
to  contain the earth's axis of rotation. This would permit excellent 
monitoring of the interesting regions of the Van Allen belts near one 
of the earth's poles where the horns of the belt drop down t o  low 
altitudes and probably undergo rapid and perhaps rather violent fluc- 
tuations during periods of strong so& activity. 

7. If t h i s  satellite remained a lof t  and intermittently active on 
carm#nn for  a decade or so, these would be an exceptional opportunity 
t o  measure the geomagnetic secular change and hence t o  obtain indications 
of changing f lu id  motions within the earth's central core. The good 
coverage possible by such a satellite, both i n  time and space, would 

make t h i s  a valuable method fo r  undertaking study of a major geo- 
physical problem of the earth. 

Also 
included are ccqsrable data fo r  the Soviet sa te l l i t e  launched i n  
March, 1962. 

A sunrnary of data an the orbits i s  given i n  the table. 
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